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Abstract

Biotransformation of paclitaxel by cell suspension cultures of Marchaniia polymorpha was studied
and it was found that liverwort cultures convert paclitaxel to 7-epi- paclitaxel in good yield and
regioselectively hydrolyses the ester group at the 10— position of paclitaxel.

As paclitaxel (1), a complex diterpenoid isolated
from the bark of Taxus brevifolia Nutt. (family
Taxaceae) (Wani et al., 1971), exhibits high activity
against ovarian cancer, its biotransformation by
mammalian and plant cells is of considerable inter-
est. Monsarrat ef al. studied biotransformation of
paclitaxel by the rat (Monsarrat et al., 1990) and it
was found that rat liver converts paclitaxel to
several taxoids such as 6-hydroxy-taxol. More
recently we have reported on the epimerization of
paclitaxel by human cancer cells (jurkat) (Hamada
et al.,1996a) and regioselective hydrolysis of pacli-
taxel by plant cells of Eucalyptus perriniana
(Hamada et al.,1996b).

We have investigated biotransformation of for-
eign substrate by in vitro cultured plant cells
(Hamada et al.,1991a; Hamada et al.,1993; Hamada
et al.,1994; Hirata et al.,1994; Hamada et al.,1994;
Nakamura et al.,1995) and found that plant cell
suspension cultures can perform regioselective hy-
droxylations, stereoselective reductions, and enanti-
oselective oxidations. To investigate the metabolism
of paclitaxel (1) by Marchantia polymorpha (liver-
wort) we study the biotransformation of 1 by liver-
wort cell suspension cultures. Here we report on the
biotransformation of paclitaxel by cell suspension
cultures of Marchantia polymorpha in which the
liverwort cell suspension cultures convert pacli-
taxel (1) to 10~ deacetylpaclitaxel (2) and to 7-epi-
paclitaxel (3).

Cultured cells of M. polymorpha used in this
study were induced and maintained as previously
reported (Hamada et al., 1991b). The cells had a
green color and the growth of the cells were consid-

erably rapid. The cells (30 g fresh weight) were
subcultured into a 500-m/ conical flask containing
150 m! of MSK-1I medium (Katoh et al., 1980) and
then grown with continuous shaking for 1 week at
25 C in continuous light (2000 lux). Paclitaxel (5
mg in 100 ! of 3 kinds of solvent) was then ad-
ministered to the flask and the cultures were contin-
ued under the same conditions. After 10 days, cells
were removed by filtration and the culture medium
was extracted with CH,Cl,. After evaporation of the
solvent, the organic extract was subjected to HPLC
analysis. HPLC was performed on a CrestPak C18S
(4.6 mm x 150 mm) column using MeOH-H,O
(65:35) as mobile phase with detection at 227 nm.
Chromatographic analysis showed that part of the
exogenous paclitaxel (1) was converted to two
compounds (2 and 3) (Table 1). These two com-
pounds were obtained from medium extract.
Characterizations of products, 2 and 3 were car-
ried out by HPLC- DAD (diode array detection) and
LC- MS spectrometry (2:[M+Na]™ 834; 3: [M+Na]"
876). The structures of 2 and 3 were determined by
interpretation of their '"H NMR and MS spectra and
comparison with reported data (Hamada er al.,
1996b); they were identified as 10-deacetyl-
paclitaxel and 7-epi-paclitaxel, respectively. After
10-day incubation 1 was converted to 2 and 3,
3.0% and, 2.2% respectively without solvent. In
EtOH solvent 1 was converted to 2 and 3, 4.7% and
53.6%, respectively. As shown in Table 1 the
conversion yield with solvent is much higher than
that without solvent. This result indicated that 1
becomes incorporated easily into the liverwort cells.
Also the yield of hydrolysis of the ester group at 10
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Table 1.  Biotransformation of paclitaxel by cell suspension culture of M. polymorpha

Product yield (%)*
Substrate Solvent
10- deacetylpaclitaxel (2) 7- epi- paclitaxel (3)
None 3.0 2.2
. Acetone 2.2 52.2
Paclitaxel (1 p op 4.7 53.6
DMSO 3.6 437

* Weight (%) of product relative to the substrate administered.
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Fig.1 Biotransformation of paclitaxel (1) by the cultured suspension cells of M.polymorpha

- position of 1 is low. On the other hand the yield of
cpimerization at 7- position of 1 is high. From this
result it can be assumed that cell suspension cul-
tures of M. polymorpha more readily epimerize than
hydrolyse 1. The mechanism of the epimerization
through a retro-aldol reaction is proposed by our
previous paper (Hamada et al., 1996a). As shown in
Fig. 1, 1 was converted to 2 and 3, independently.
Careful and repeated TLC and HPLC analyses
showed no other products. Incubation of paclitaxel
in culture medium without M. polymorpha cells
showed that paclitaxel was unchanged.

Thus, it was found that the suspension cultures of
M. polymorpha catalyze the epimerization of pacli-
taxel to 7-epi- paclitaxel and regioselectively hy-
drolyze the ester group at 10- position of paclitaxel.
The biotransformation of paclitaxel by cultured
suspension cells of other plant species and by iso-
lated enzymes is now in progress.
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